The structure of a 62 base nuclease resistant fragment of E. coll 5S RNA (bases 1-11, 69-87, 89-120) has been examined by small angle x-ray scattering. The results obtained are Indistinguishable from those expected 1f this olIgonucleotide complex were a perfect RNA double helix of about 30 base pairs. These results Indicate that this portion of 5S RNA is in a configuration which 1s approximately double helical, even though proper base pairing 1s possible over only half Its length.
INTRODUCTION
Many bacterial 5S ribosomal RNAs are efficiently reduced to a nuclease resistant core when lightly digested with RNAse A. In the case of E. col 1, the resistant fragment consists of bases 1-11, 69-87, and 89-120 of the parent molecule (see Fig. 1 ). It Includes the sequences which comprise the terminal stem helix and the procaryotic loop helix in conventional models of 5S RNA secondary structure. Fragment retains the protein L25 binding activity characteristic of Intact 5S RNA (1) .
Recent NMR results have demonstrated the existence of the terminal stem helix and the procaryotic loop helix 1n both 5S RNA (2) and fragment (3) .
The spectra of the two molecules are remarkably similar suggesting that fragment 1s a domain of 5S RNA. The similarity of fragment and 5S RNA 1s underlined by the fact that L25 binding causes alterations in the fragment's NMR spectrum which are Identical to those seen 1n the case of 5S RNA (2) . Interest in this system has been further stimulated by the finding that both fragment and Its complex with L25 can be crystallized (4) .
In order to get some Information about the overall conformation of the fragment, a small-angle x-ray scattering (SAXS) study was carried out, the results of which are reported here. (A preliminary report on this work has appeared elsewhere (5) gives the overall molecule about the same properties 1t would have if these bases were 1n perfect double helix.
MATERIALS AND METHODS

Samples
All 5S RNA and fragment samples were prepared form E. coli rrnB 5S RNA obtained from E. coli strain HB101/pKK5-l under overproducing conditions, as previously described (3) . The purity of all RNA preparations was checked by polyacrylamide gel electrophoresis.
Sample concentrations were determined spectrophotometrical ly using the approximate extinction coefficient 20 0D 2 6o /on (mg/ml).
The relative hypochromidty of 5S and fragment was checked by alkaline hydrolysis (0.3M KOH, 18 hours at 37°). No difference was found within an error of 3$. Thus relative concentrations of 5S RNA .and fragment should be proportional to relative optical density.
Samples were dialyzed against 0.1M KC1, 3mM MgAcetate, lOmM caco- SAXS data were typically collected over the range s = 0.0024 to 0.038A" 1 (s = 2s1n9/X, where 9 is half the scattering angle) with an°-l interchannel spacing of 0.000340A . The beam width at half height was less than 1 channel.
All data sets were collected at room temperature (293 to 298 K).
Two independent data sets were collected for each molecule. Each set included 7 to 8 concentrations equally spaced between 5 and 40 mg/ml.
Background scattering data were collected in the same sample tubes on the respective dialysates.
DATA ANALYSIS
After subtraction of background scattering, the data were folded about the beam center, scaled by concentration and collection time and extrapolated channel by channel to zero concentration by a variance weighted, linear least squares routine (7) . Each of the extrapolated data sets so generated was analyzed by indirect transformation (8) to obtain the length distribution function, P(r), of the solute molecule, as well as its zero-angle scattering, I , and Its radius of gyration, R . (The length distribution 1s the distribution of lengths of all Interatomic vectors within the molecule giving rise to the scattering.) The parameters I Q and R were also calculated by Indirect transformation of the experimental data sets obtained followed by extrapolation of the values found at each concentration to zero concentration. The data for fragment were analyzed for cross-sectional radius of gyration, R , by plotting 1n(sl(s)) against s 2 (9) . The slope of such a plot 1n the linear region, 1f 1t exists, corresponds to -2(TTR ) (10).
The maxi mum dimension, D , of each molecule was obtained by noting the value of r at which P(r) reaches zero. (10) to continue the scattering data beyond the point of observation in order to minimize truncation effects 1n the resulting length distribution. This continuation of the data is a good one for globular molecules, but for more elongated shapes, like the one encountered here, 1s much less effective.) R was calculated by Indirect transformation and found to be 25.6A, in agreement with the value o 25.3A calculated using the formula:
Eq-1. R 2 " Ei + id 9 
+ 12
where R is the radius and H is the height of the cylinder. The scattering from fragment was also simulated assuming 1t is a perfect 30 base pair A-RNA double helix. Atomic coordinates obtained for an A-U basepair by fiber diffraction (17) for each successive base pair. The scattering was calculated for this hypothetical molecule using the Debye scattering formula (18):
where f i and f, are the atomic structure factors of atoms i and j and rî s the distance between them. For most molecules of the fragment's molecular weight the number of terms which must be included in the Debye sum is prohibitive. However, the symmetry of this model permitted a substantial reduction in the number of distinct terms that had to be calculated, making this approach feasible. The atomic form factors were assumed to be Independent of angle for the small scattering angles in question. Displacement of solvent was accounted for simply by subtracting the average electron density of the solvent from the electron density of each atom, as determined using volumes calculated for each atom 1n the structure by Richard's Voronoi volume program (19) . This program takes into account the accessibility to solvent of pockets and crevices in the molecule. The data do not rule out a modest bend (less than 30°) in the molecule over its contour length, however. This result is a surprising one. Secondary structure models for 5S RNA based on comparative studies of the sequences of 5S RNA from different species generally propose two helical segments within the region Included in fragment (see F1g. l) (20) . The NMR data available show that both these helical stems exist, but that there are only 13 base pairs of well developed double helix 1n the two of them, a stretch of 7 Involving bases 2-8 and a stretch of 6 Including bases 79-84. The sequence permits a number of additional base pairs to be hypothesized between the two stable helices, but nothing extensive or continuous. Moreover, the fragment includes an interruption 1n Its covalent structure between bases 10 and 69 of the parent molecule. Yet apparently it 1s able to maintain itself 1n a structure which roughly approximates normal, straight, A-type double helix over its entire length. In this connection 1t 1s Interesting to note that the consensus structure for eucaryotic 5S RNA includes a substantial helix 1n the middle of the region which is poorly structured 1n the E. coli fragment (21 and 22) . Moreover, there exists at least one procaryotic 5S RNA, that from Sulfolobus acidocaldarius (23) whose sequence permits a near perfect helix for the entire region homologous to the E. coli fragment. Clearly one of the Interesting aspects of future studies of this molecule will be the determination of the details of how this structure is achieved. This result also suggests that one should be alert to the possibility that in other rRNAs there may exist a lot of quasi-helical structure in addition to the more perfect helices already postulated using standard base pairing rules.
Having seen what the length distribution of 5S fragment looks like, namely like that of an RNA double helix, one returns to the length distribution of the intact parent molecule with renewed Interest. Its o steep initial rise to a maximum at 20A 1s characteristic of a double helix. Were one to suggest that 5S RNA consists of two straight helical structures, one being the fragment portion, and the other including bases 11-68, the sharp rise observed would be anticipated but the linear descent to zero would be obscured by the presence of interhelix vectors at longer distances, resulting in a bimodal distribution as observed. Previous workers have proposed three stem models for 5S RNA having Y shapes, based on scattering data (12) . Minor modifications of these models would easily accommodate the data presented here on fragment.
